Cyclin D1 is a direct transcriptional target of GATA3 in neuroblastoma tumor cells.
Almost all neuroblastoma tumors express excess levels of Cyclin D1 (CCND1) compared to normal tissues and other tumor types. Only a small percentage of these neuroblastoma tumors have high-level amplification of the Cyclin D1 gene. The other neuroblastoma tumors have equally high Cyclin D1 expression without amplification. Silencing of Cyclin D1 expression was previously found to trigger differentiation of neuroblastoma cells. Overexpression of Cyclin D1 is therefore one of the most frequent mechanisms with a postulated function in neuroblastoma pathogenesis. The cause for the Cyclin D1 overexpression is unknown. Here we show that Cyclin D1 overexpression results from transcriptional upregulation. To identify upstream regulators, we searched in mRNA profiles of neuroblastoma tumor series for transcription factors with expression patterns correlating to Cyclin D1. GATA3 most consistently correlated to Cyclin D1 in four independent data sets. We identified a highly conserved GATA3 binding site 27 bp upstream of the Cyclin D1 transcriptional start. Chromatin immune precipitation confirmed binding of GATA3 to the Cyclin D1 promoter. Overexpression of GATA3 induced Cyclin D1 promoter activity, which decreased after site-directed mutagenesis of the GATA3 binding site in the Cyclin D1 promoter. Silencing of GATA3 resulted in reduced Cyclin D1 promoter activity and reduced Cyclin D1 mRNA and protein levels. Moreover, GATA3 silencing caused differentiation that was similar to that caused by Cyclin D1 inhibition. These finding implicate GATA3 in Cyclin D1 overexpression in neuroblastoma.